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INTRODUCTION 
Americans today are finally reacting to the environmental chaos 
they see bef?re·them. The President has proclaimed the 1970's as the 
decade when we pay our debt by reclaiming the purity of our environ-
ment. However, with the trend toward pollution control, the problem 
of industrial waste disposal, including potato processing, becomes one 
of economic significance, not only to those directly involved with 
industrial processing, but also to the general public. Industrial 
progress in_ South Dakota is important, but South Dakota must fulfill 
its obligation to the environment by requiring industries to provide 
adequate treatment of their industrial wastes. 
r Fairfield Products Incorporated is located on the eastern edge o0 
the agricultural community of Clark, South Dakota. The new, modern 
plant at Clark utilizes one of northeastern South Dakota·s basic agri­
cultural products--the potato. (During the production season from late 
October through Jun� the potato is prepared and partially precooked 
into a French.fry that is then frozen, packaged, and shipped to points 
all over the country. The plant is designed to process approxirnatel y 
170 tons of raw potatoes per day with a resulting production of a 
tremendous amount o f  potato waste. 
The original wa s te treatment facility at Fairfield Prcducts con-
.. sisted of a screen to eliminate the peelings from the plant effluent· 
followed by a 25.2-acre stabilization pond. During·summer months the 
coritents of the stabilization pond were pumped �hrough an irrigation 
sys tem to  a nearby field .  This sys�em failed to provide adequate 
treatment o f  the high-s trength pota to wa s tes. 
During the 1970-197 1 and the 197 1-1972 pro ces sing sea s ons , Fa ir-
field Products I n c . experienced serious wa s te disposa l problems . Da ta 
obtained in June cf 197 1 , shortly a fter the proces sing seas on ended , 
indica ted tha t the 5-da y Bioc hemica l  Oxygen Demand (BOD) of the Con-
tents o f  the s tabi liza tion pond wa s 1 180 mg/l .  Numerous c omplaints 
from the citizens of Cl ark c oncerning the odor problem tha t had devel-
oped beca u se of the overl oaded trea tment system were received by Fair-
field Products  I nc .  as wel l a s  the Sta te Department o f  Hea l th .  
Acting upon these c ompl ain ts , the State Hea l th Department ordered 
Fairfiel d Products Inc . to  reta in a consulting engineer to design 
adequate trea tment fa cilities and to cons truct these facilities prior 
2 
to the beginning o f  the 1 97 1-1 972 processing sea s on .  Beca use the para-
meters used in the design of  the new wa stewater trea tment fa cilities 
' 
had not previous l y  been mea sured·a t the Clark insta l la tion , the trea t-
m�nt s ys tem was designed on a n  empirical  ba sis using va lues observed in 
similar ins ta l l a tion s . The Hea l th Department arra nged for Kenneth 
Dos ta l , a n  officia l o f  the Environmenta l Protect i on Agency  ( EPA) , o f  
Corva l lis , Oregcn , who has performed extensive studies on  pota to  pro-
cessing wa s tes , to  visit the Cla rk plant in  ,June of  1 97 1. Mr. D os ta l , 
the S ta te Hea l th Department ,  and the company c onsul tant d i s cus sed the 
ba sis for the design of  the treatment fa cilities and_ esta blished the 
parameter's to be used in the design . The type of  trea·t rnent s ystem recom­
mended wa s an anaerobic la goon followed by a mechan ically a era ted ba sin 
which i n  turn discharged into the stabi l iza tion pond . Thi s  method of 
trea tment had previous ly  proven to be a successful a nd econ omic  method 
for high-s trength , high temperature wa stes . 
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Acting upon the recommenda ti ons, the consulting firm designed an 
a na erobic  la goon fol l owed by a mechanica l ly aerated bas i n  preceding the 
stabi l iza tion pond . Al though the State Hea l th Department r e c ommended 
diffused a era t i on because  of pos s i ble  freezing problems, the c onsul ting 
firm sel e cted surface  aera tors for insta l la ti on .  The c onsu lta nt deter­
mined that the ana erobic  la goon a nd aera ted ba s in shou l d  be ins ta lled 
in  the s ou thwes t  corner of the origina l  25 . 2-a cre pond . Aeration e qu ip­
ment was not insta l l ed at the beg inning of  the 197 1-1972 process ing 
season ; however , on March 26 , 1 972, shortly a fter the S ta te Hea l th 
Department ordered Fa irfi e l d  Products to insta l l  the a erators or cease  
plant opera tions , the aerators were insta l led and put into operation. 
The C ivi l Engineering Depa rtment at South Da kota S ta te Un ivers ity 
became involved in the wa s te d i sposa l  problem a t  Fa irf iel d  Products Inc . 
in  the summer of  1 97 1  duri ng the planning stage of the new treatment 
fa c i l ities . This involvement occurred because of  the desire  to  provide 
a s s i stance to i ndustr ies  in the state requiring information for the 
des ign a nd opera tion of was te treatment fa c i l i ties . 
The purposes  o f  thi s s tudy of  Fa irf i e ld Products Inc . wa ste treat­
ment sys tem were as fo llows : 
1 .  to determine  the.adequacy of the existing treatment 
s ys tem before a eration e quipment wa s inst&lled .  
2 .  t o  obtain removal effic i encies o f  the system after i t  
begins operat ion a s  a combined anaerobic-mechani cal ly 
aerated system . 
3 .  to determine was te l oads placed upon the treatment 
sys tem . 
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REVIEW OF LI TERATuRE 
In the l a st two decades  there ha s been a tremendous boom in the 
potato industry. Potato production in the Uni ted States ha s increased 
from 19 . 5  bi l l i on pounds per year in 1951 to about 29.5 billion pounds 
per year in 1968. The we stern states of I da ho ,  Washington , Ore gon, and 
Ca l i forn ia have a c c ounted for most of thi s i ncrease ( 1). Today pota­
toe s repre s ent a bout 20 percent of a l l  vegetabl es  consumed i n  the 
United S tates ( 2) .  
The increa s ed demand for potato products such as Frenc h  fri es, hash 
browns , etc . ,  is the pr imary reason for this increa sed production of 
potatoes . The quantity of  frozen potato produ cts ha s increased from 
0 . 129 bi l lion pounds in 1955 to 1.5 billion pounds in 1966. Thi s  repre ­
sents more tha n a tenfo l d  increas e in thi s  short spa n  of time . A ten­
year projecti on, whi c h  was the result of a computer ana lys is made by 
Dupont, pred i cted an increa se  of 170 percent in frozen potato produ cts 
from 1966 to  1976. This wou ld  represent a production o f  nearl y  4 bil­
lion pounds o f  frozen potato prcducts in 1976 (3). Dur ing thi s  same 
period of  time the popu l a tion increa se i s  expected to be about 9 per­
c ent (1). Unfortunately, along with this increase in pr oduc t i on o f  
frozen pota to produ c ts wil l  a l s o  come a n  increase i n  wa ste production . 
About one-fourth o f  the potato is discarded a s  was te during proces-
· .  s ing (4). This can increase to 40 or 50 percent with a poor quali ty 
potato . As a result, proc essing a ton of potatoes -produces  wa stes with 
a population equivalent up  to approximately 500. Thus, the pota to oro­
cessing �lants in the Uni ted States currentl y  generate a waste load 
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e qu ivalent to ten mill i on peopl e , which is  over 1 5  t imes the waste load 
produced by the peop l e  of South Da kota (1). 
P ota to Wa s te Charac ter is tics  
The na ture of  the wa stes is  derived from the c ompos i tion o f  the 
potato a nd the additives dccumula ted during the proce s sing of the po-
ta to . An ordinary pota to conta ins approximately 20 perce nt s o l id  ma t-
ter and 80 percent wa ter; the starch content ranges from 65 to 75 per-
c ent of the dry we ight . Tabl e  1 shows the compos ition o f  the whi te 
pota to . 
I tem 
Wa ter 
Tota l  Sol ids 
Prote in 
Fat 
Tota l 
Carbohydrate 
Crude F i ber 
Ash 
Ta bl e 1 (4 ) 
Compo s i ti on o f  the White P otato 
Ra nge (% by we ight) 
63.2 -86 . 9 
1 3. 1  - 36 . 8 
0 . 7 - 4.6 
0 . 02- 0.96 
13.3 -30.53 
0.17- 3.48 
0.44- 1.9 
Average (% by we ightl 
77.5 
22.5 
2.0 
0 . 1 
19.4 
0 .6 
1.0 
Average va lues of  the wa s tes  from the pota to indu stry are 60 pounds 
of suspended s ol ids a nd 50 pounds of Biochemica l  Oxygen Demand ( BOD ) per 
ton of  potatoe s proc essed . Dos tal reported that fo l l owing s creening, the 
average waste cha ra c t�ris tics  per ton of potatoes processed were : 4200 
gallons of  water , 90 pounds of BOD , 210 pounds of Chemica l Oxygen De­
mand ( COD ) , and 110 pounds of  su spended sol ids ( SS ) (1). 
Grames and Kueneman (6 ) reported a typi c a l  pro c e s s ing plant us ing 
the conventional peel ing pro c e s s  a s  having the average  chara cteri stics  
shown in  Table 2 .  
Tabl e 2 (6) 
Averag e  P otato Proce s s i ng Waste Chara cter i stic s  
Parameter 
F l ow ( ga l/ton raw potatoe s proc essed ) 
COD ( mg/l ) 
BOD5 ( mg/ 1 ) 
Suspended Sol ids ( mg/l ) 
pH ( caustic-pee l system ) 
pH ( steam-pee l  s ystem ) 
Va l ue 
4500 
2700 
1750 
2600 
11.0 
7.0 
Thes e  values  wi l l  vary depending on the type o f  potato pro c e s s ing 
plant , the qua l ity of potato es , and the in-plant modificati ons  to re-
duce  wa stes d i s charged to the treatment system. The c ondition of the 
potato upon entering the process ing plant has a d irect e f fect upon the 
amount o f  waste produced . During the winter months, potat oe s are kept 
in fro zen storage  be fore proc e s s ing . More cf the pota to that has 
thawed for several  days i s  d i scarded a s  wa ste than with a qu ickly-
thawed potato . 
In-Plant Reduction of.P otato Waste s 
Wa stewater from a potato processing plant can be d ivided into two 
major types of  streams: s ilt water and precess  water . The s i lt water 
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originates from.raw potato wa shing and fluming operati ons  a nd c onta ins 
large amounts of  s o i l. The influent si lt water to the c l ar ifier-­
thi ckener at the R. T. French Company in She l l ey� Ida ho , a veraged 
13, 240 mg/l of suspended s o l ids. Because of  its  high suspe�ded s o l i ds 
content s eparate disposa l of  s ilt water may be benefic ial .  Dewatered 
si lt  s olids c ontain very l ittl e  organic  matter and therefore are ac­
ceptable  a s  l a ndfi l l. The R. T. French Company used its wa ste silt 
s o l ids to fi l l  l ow area s around the plant s ite (7). 
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Proc e s s  water i s  that which originate s from the pota to proc e s s ing 
operation its e lf. Thi s  water c ontains cau stic potato pee l er a nd barre l 
wa sher dis charges , a s  we l l  a s  other l iqu ids wa sted from pro c es s ing 
operations ,  inc luding c l eanup water ( 7). If si lt water is inc l uded 
with the proc es s water, the sus pended sol ids can rea ch  a concentration 
a s  high as 20, 000 mg/l ( 6). 
Because mo st of the BOD in the plant effluent results from the 
pee l ing proce s s , s creening o f  the peel ings i s  a lmost a nece s s ity. By­
product rec overy can  then be a chi eved and the screened s olids ca n be 
sold for cattle  or hog feed (8). 
A c apabl e method o f  reducing wa ste production i n  a potato proces­
s ing pl ant i s  the use  of  the dry caustic peel system. In this  s ystem 
the potatoes are treated with a caustic soluti on to l oo s e n  the pee l ings 
before they are removed by a dry brushing ac tion. The uti l i zation  o f  
the dry caustic pee l system ins tead of  the conventi ona l pee l  system i n  
which the pee l ings are :r·emoved by a high pressure spray a ft er b e i ng 
treated by a caus tic s olution has the potentia l of reduci ng  water 
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consumption in the plant by a s  much a s  50 percent . Thus , the amount of  
wa ter discharged to  the trea tment system may be reduced from a bout 
4,000 to 2 , 000 ga l l ons  per ton of raw potatoe s  produc ed (9). The c on­
ventiona l pee l  sys tem produc es an organic load  tha t is nearly  four and 
one-ha l f  time s grea ter than  the organic  l oad  produced from the dry 
caustic  pee l s ystem for each ton o f  raw pota toes proce s s ed ( 10 ) . 
Primary Trea tment of Po ta to Pl ant  Wastes 
Screening to  remove l arge pieces of pota toes carri ed in the wa ste 
stream is a nec ess2ry first  s tep of primary tre2tment  to prevent plug ­
ging of pipes and pumps . An inves tigation by Grames and Kueneman ( 6 )  
of plants us ing screens indica ted tha t either a vibrating or a rotary, 
sel f-c l eaning screen woul d be effective . They determined tha t s creen 
openings finer tha n 20 mesh tended to cl og, 3nd the screens held ba ck 
exc es s ive amounts of wa ter . I t  wa s a l s o  determined tha t if a screen 
wa s to be fol l owed by a c l ar i f i er, a fairly  open weave would be better 
to use. They a l s o  found that s creenings removed about 25 perc ent o f  the 
suspended sol ids a nd 10 to 15 percent of the BOD (6) . 
Sedimenta t i on coupled with screening ca n reduc e the organic  s trength 
of pota to proces s ing wastes by 50 perc ent . Sedimenta tion i s  very ef­
fective because of  the high content of settleable suspended s olids in  
potato proces s ing was t e s  (8). This is  especially true if  the s i l t  water 
enters the pr imary trea tment system . Types of sedimenta t i on units range 
from s impl e  sett l ing ponds used to trea t flume and wa s te wa ters to more 
sophisticated mecha n ic a l  clarifiers expec ially designed for potato 
wa ste s . 
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Many plants have installed settling ponds for the retention of silt 
water and process water, thus providing adequate suspended solids re-
moval until the ponds filled with solids. The ponds required dewatering 
and dredging at least once a year. The expense of dredging and the 
nuisance created by the noxious odors during the dredging operation make 
the use of mechanical clarifiers seem more desirable ( 6). 
Because the Idaho State Department of Health requires the removal 
of settleable solids from flume and wastewater, they have conducted 
test work on primary treatment ( 6). It was concluded from sedimentation 
studies in Idaho that primary clarifiers should be designed for a 
maximum overflow rate of 600 gpd/ft2, with a detention time of about 
3 hours. Clarifiers so designed were expected to reduce BOD by 60 per-
, 
cent and suspe�ded solids by 90 percent (8 ) . 
During two processing seasons ( 1966-1967 and 1967-1968) J. R. 
Simplot Company's waste treatment plant at Burley, Idaho, obtained 41 
percent BOD removal and 73 percent suspended solids removal with an 
overflow rate of 800 gpd/ft2• Simplot's waste treatment plant at 
Caldwell, Idaho, had a COD removal of 62 percent and a suspended solids 
removal of 93 percent with an overflow rate of 730 gpd/ft2 (8). 
Disposal of large volumes of solids becomes less of a problem if 
the sl�dge is dewatered and used for cattle feed. Vacuum filtration 
has been fcund to be the best method of dewatering the sludge. Howeve�, ' 
analyses of results showed that the potato filter cake could not be fed 
to cattle unless the pH was reduced. If the cake is stored for a couple 
of days, tte pH is reduced by fermentation and the cake can then be 
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used a s  cattle feed. Potato solids ha ve proven to be a t  l e a st equiva ­
lent to barley in nutr itional value. Feed ing experiments ind ica ted a n  
a cceleration o f  weight ga in i n  cattle after potato s ol ids were included 
in the ir d iet (8). Most proces sors can sell their d ewater e d  sludge 
a long w ith scre ened solids for about three dollars per ton of s olids 
at about 14 perc ent dry s olids content. According to Grame s and Kuene­
man, thi s is sufficient to recover the capital cost of pr imary treatment 
facilit i e s  in two to four years ( 6). 
Secondary Treatment of Potato Wa ste s 
Ida ho, wh ich produces one-quarter of the na tion's pota toes and 
proce s s e s  over ha lf of thes e  potatoes, ha s experienced pollution 
problems from untreated potato wa ste s which ha s resulted in f i s h  kills 
along the Sna ke River and its tributa rie s. Since pota to waste s ha ve 
become one of Idaho's major sources of water pollution, the Id a ho Sta te 
Health Depa rtment ha s d i recte d potato process ing industr i e s  to provide 
secondary treatment of their wa ste s by July, 1973 (3 ) .  
In 1964, the Potato Proce s sors of Ida ho As sociation hire d  a con­
sul ting firm to a s s i st in the d e sign and operation of p i lot plant 
facilit i e s  for s econda ry tre a tment of potato wa ste s. As a re sult of 
this work, design criteria for secondary treatment of pota to wa ste s  by 
the a ctivated sludge method, tr ickling filters, and conventional s ta­
bilization ponds were e s ta bl i shed. One of the conclusions of this work 
was: "Add itional study s hould be given to ana erobic ponds and flow­
through a era tion ba s ins to d etermine more clos ely the ca p a b i liti e s  of 
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these systems in  secondary treatment of pota to processing wastes ." 
This, plus the fa ct that both trickling fi l ter and a c tivated sludge 
treatmen t  pla nts have high capita l a nd opera ting costs, prompted Dos ta l  
( 1 ) t o  initiate a pi lot plant study of a n  anaerobic  la goon fo l l owed by 
an  a era tion basin . 
The Theory of Ana erobic  Lagoon Treatment 
Anaerobi c  lagoons have not  been used to any grea t extent for trea t­
ing pota to process ing wastes . P orges reported tha t  in  1962 onl y  three 
a na erobic ponds were used for potato wastes in the Un i ted S ta te s . In­
forma tion was not obta ined on the effic iency of the ponds, but odor 
nuisa nces were a ssocia ted with one of them ( 8) .  
Generally a na erobic lagoons are considered a s  a useful mea ns of 
treatment for wa s te s  c onta in ing high suspended sol ids and  BOD c oncen­
tra tions. 3eca use of the str ic t  wa ter qua l i ty standards impos ed by 
various  government  wa ter pol lution control  agenc ies, anaerobic  lagoons 
have received increasing a ttention. High tempera ture, high strength 
wastes are particu larly amenabl e to this  method of tre a tment ( 11 ) .  
Ana erobic lagoons have been uti l i zed a lmost exclus ively for mea t  packing 
wa s tes  because o f  the desirabl e  characteri stics of these wastes for this 
method of treatment (12). They have not been widely u s ed for food pro ­
cessin'g was te s, but are be ing used more and more because these wastes 
are a lso amenable to ana erobic treatment (i3). 
The stabiliza tion of organ ic materials by anaerob i c  trea tment is 
ba si cally a two-stage proc ess . In the f irst stage complex ma teria ls 
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such as carbohydrates, fats, and proteins are converted by hydrolysis 
and fermentation to s impler organ ic end products, pri nc ipally fatty 
organic acids . The mixed groups of facultative and anaerobic bacteria 
that accompl i sh thi s  initiai convers ion are commonly referr e d  to as 
acid formers. Relatively little BOD or COD reduction occurs in this 
initi al stage of the convers ion. The organic matter is simply broken 
down in preparation for the second stage reaction ( 11). It i s  during 
the s econd stage convers ion that waste stabilization actually occurs . 
During this second or methane-forming stage, the organic ac ids produced 
in the first stage are converted by methane-forming organ i sm s  to ga s e­
ous end products, principa l ly methane and carbon dioxide (11) . 
Succe s sful operation of anaerobic lagoons depends u pon ma inta ining 
a proper balance between the methane-forming bacteria and the acid­
form ing bacteria. The methar.e bacteria are the most susceptible to 
changes in environmental conditions and food. They are particularly 
sens i tive to pH level. Methane fermentation outside a pH range of 6.6 
to 7.6 becomes severely retarded and continued operation at pH levels 
·below th is minimum will completely inactivate methane fermentation ( 14). 
Methane formers may also be inhibited as a result of any mixing, such 
as by w ind action, which may br ing dis solved oxygen into contact with 
the settled sludge. Oxygen i s  lethal to methane bacteria and if s uch 
conditions exist, methane convers ion stops; hence, extremely foul odors 
result ( 15). 
The temperatu::-e of the lagoon contents i s  a major factor in the 
operating efficiency of the anaerobic lagoon. If the lagoon temperatu:r:e 
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does not fa l l  be l ow 75°F , anaerobic lagoons can  0�2ra te successful l y  
during winter months . I f  the lagoon temperature drops bel ow 55o or 
60°F , ga s production drops to a minimum and the lagoon merely acts �s a 
settl ing pond . Covers on anaerobic lagoons , whether they be natura l  
scum and/or grea se covers or pla stic foam c overs, have proven bene­
ficia l for the reduction of temperature l os s .  In northern c l ima tes 
where the majoT s ourc e of heat would probably be the inc oming wa ste s , 
deep ponds , usua l ly 10-15 feet , combined with a short detention time 
seem mos t  satisfa ctory ( 1 2) .  
Because  methane fermentation is a microbiol ogic a l  proc ess , i t  is 
amenabl e  to various toxic  materia l s . The chemica l i ons  tha t exhibit 
toxic e ffects on methane fermentation are alka l i  a nd a l ka l ine-earth 
cations , heavy metal ions , ammonia , su lfide, a nd certa in organi c  com­
pounds. Alkali and su l f ide ions become particularly impo�tant in  po­
hto wa ste trea tment . Su l fide toxic ity becomes very important in odor 
control . At a sulfide c oncentra tion exceeding 200 mg/l , mi croorganisms 
become inhibited a nd hydrogeG sul fide is  formed , thus producing obnoxious 
bdors ( 1 4) .  In order tha t odor nuisances may be avoided , the major ob­
jective shoul d be the deve l opment of an environment whi ch wi l l  result 
in a dequate metha ne formation ( 11) . 
Under increased l oading , organic ac ids ma y be formed fa s ter than 
the methane  ba c teria can  d igest them . As a result , the organi c  ac ids 
accumulate and c ause a reduction in pH of the syste� , thus retarding 
methane fermenta tion. The average loading criteria deve l oped by most 
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s ta te s  i s  12-15  pounds BOD/1000 ft3. South Dakota currently uses  a 
des ign l oading o f  15  pounds BOD/1000 ft3 for the review o f  a na erobic 
la goon projects . Expected removal efficiencies with the se l oa ding rates 
range from 60-80 percent ( 12 ) . 
For the successfu l  opera tion of  ana erobic la goons the a bove factors 
must  be adhered to , i . e . , a favorabl e pH and tempera ture mus t  be ma in­
ta ined , the organic wa stes must  be non-inhibiting and mus t not s everely 
overload the l agoon , a nd the dispersion and mixing of  the organics with 
properly accl ima ted organ i sms must occur . Even  with these  ide a l  con­
ditions strong was tes  tha t undergo anaerobic treatment must receive 
further treatment prior to discharge to  a receiving body of wa ter. Ad­
ditional treatment i s  usua lly provided by oxida tion ponds or mechani ­
cally aera ted l agoons (11). 
The Theory of  Aera ted Lagoon Trea tment 
The concept of a erated lagoons came into existence as a result of 
the need to speed up the na tura l purifica tion proce ss  by artif icia l ly 
inducing oxygen into oxida ti on ponds . Because  of  the varying degrees of 
artificia l mixing and oxidati on required to solve the probl em  of over·· 
loading , a erated �agoons have been classi f ied into three types: the 
completely-mixed a era ted l agoon; the faculta tive aera ted l agoon; and 
the a era ted oxida tion pond (1 6) . 
The completely-mixed a erated la goon must ha ve suff icien t  mixing to  
ma intain a l l  solids in suspensi on and to  provide a tiniform dis so lved 
oxygen conce�tr2tion throughout the lagoon. The fa cul ta tive a erated 
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lagoon u s e s  a lower degree of mixing than the comple tely-mixed s y s tem 
and a llows hea vi er sol i ds to s ettle to the bottom of the lagoon where 
they decompose by benthal oxidation and ana erobic d ecompo s ition. The 
odorou s products of a na erobic decompos i tion are relea s e d  into the u pper 
liqu id zone where they a re ox id ized by a erobic organ i s ms .  In the 
a erated oxi d a tion pond, a er a tion equ ipment i s  a dd e d  to a n  existing over­
loa ded sta bilization pond but the primary source of oxygen i s  still 
algae (16). 
In most ca s e s, where a erated lagoons are u se d  in colder cl ima tes, 
the facultative a erated lagoon should be s elected ra ther tha n the 
completely-mixed aera ted lagoon. When compared to the compl e tely­
mixed sy stem, the faculta tive a era ted lagoon appe a rs to be more desir­
a ble in colder climates because; 
1 .  Efflu ent s  of equal or better quality can be produced with 
lower power inputs (17 , 18) . 
2. The oxygen dema nd i s  lower due to solids d ecompos ition (19). 
3. The faculta tive proc e s s  produce s an efflu ent lower in solid s  
a n d  doe s  not c�eate a sludge d i s posal problem ( 16, 19). 
Time, ·tempera ture, and oxygen are a ll important factors in reduc­
ing the organic loa d by us ing a era te d lagoons. For a faculta t ive 
a era ted lagoon approxima tely 1.5 pounds of oxygen p e r  day are required 
for each pound of BOD removed from the a era ted la goon. The recommend ed 
m inimum concentra tion of d i s solved oxygen in the lagoon s hould be a bout 
1.5 rng/l to insure that the ra te of BOD removal doe s  not become oxygen 
dependent ( 20) • 
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Because of 'the cos t of operation and ma intenance, Sawyer recom­
mends mechanical type aerators over diffus ed aeration for aerated 
lagoons . In the more s evere climates diffused aeration i s  nece s s ary 
du e to fre ezing problems that occur when surface aerators are u s ed ( 21 ) . 
Kal inske recognized that the important parameter for surface aera­
tors was the int imate con tact of the waste s  with oxygen .  The m i x ing of 
waste s by the aerators was the key to oxygen transfer w ith s urface 
aerators (22). In s electing aerators the oxygen transfer coefficient 
of the aeration equ ipment should be determined. The coefficient is 
reported for pure water at 20°c, zero d i s solved oxygen, and standard 
atmospheric pre s sure and then e stimated for the lagoon operation con­
ditions. The oxygen transfer characteristics of mechanical aerators are 
usually reported as pounds of oxygen per hour or pounds of oxygen per 
horsepower-hour.wh ich mus t be similarly adjusted for lagoon operating 
conditions. By knowing the total oxygen needed per day in the lagoon 
and the oxygen transfer coefficient of the mechanical aerators adju sted 
to the lagoon conditions, the aerators can then be s i zed for the 
lagoon (20). Performance ch�racteri stics of aerators are u sually about 
3 . 5  pound s ·021hp-hr after electrical and mechanical los s e s  are taken 
into account. A study of the literature has revealed that the m i nimum 
hors epower requ irements for a facultative aerated lagoon range from 
about O .01�) to O . 02 horsepower per 1000 gallons of liqu id volume to in­
s ure the des ired degre e of mix ing (17, 23-209) . Eckenfelder and Ford 
have found that the m in imum horsepower required to un iformly d i s pers e 
oxygen ranged from 0.006 to 0.1 hp/1000 gallons (24). 
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The rate of biologicai oxi dation in an aerated lagoon is tempera­
ture dependent. Thimsen presented equations and tables expressing the 
relationships between the react ion rate coeffici ent a�d its depende�cy 
upon temperature and dete ntion time. An increase of l0°c in the lagoon 
would double the reaction rate coeffic ient whereas a decreas e  of l0°c 
would decrease it by one-half. The detention time required for any 
particular BOD removal efficiency is inversely proport ional to the 
reaction rate coeffici ent. To determine the minimum degre e of treatment 
necessary at all times of the year, the winter cond i tions of low temper­
ature and resulti ng reaction rate coeffici ent will determ i ne the maxi­
mum detention time n ecessary. Conversely BOD removal for this same 
detention t ime will be considerably greater at maximum lagoon tempera­
ture; therefore, summer conditions will control the oxygenation capacity 
of the aeratioG equipment. Because aerated lagoons are excellent heat 
dissipators, Sawyer advocates liquid depths of 15 to 17 fe et to m i n i m ize 
heat loss (20). 
Accord i ng to Oswald, methane fermentation in the anaerobic zone of 
the facultative aerated lagoon decreases sharply below 12
°C and is 
practically nonexistant below 4°C. The anaerobi c  zone thu s functions as 
an unh eated d igester which serves as a refrigerated storehouse during 
the winter months. Materials will thus accumulate in the benthal layer 
during the winter and will not be effectively digested until summer .  
Anaerobic d igestion will then exert a BOD load on the aerobic zon e 
because of the oxidation of anaerobic products which d i ffuse upward 
through the sludge (23). 
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Results o f  a Pil ot Plant Study 
Since treatment by us ing an  anaerobic lagoon followed by a mechani­
ca l ly a erated ba s in is  a fa irly recent method of treatment develope� in 
the pota to process ing industry , very l ittle  information is  ava i l abl e  on 
this method o f  treatment . 
In  1966 , Dos ta l conducted a pi lot plant s tudy a t  the J. R .  Simplot  
Company's wa ste trea tment plant in Burley ,  Idaho , using a n  a naerobic 
lagoon-aerated bas in method of  treatment a s  shown in Figure 1 .  The 
wastes, a fter undergo ing primary trea tment ,  passed through an a na erobic 
lagoon which wa s covered with three-inch thick s tyrofoam blocks to help 
retard hea t l o ss  and control  odors . The wa stes then pa ssed through a 
40 feet by 40 feet a era ted ba sin , which uti l i zed a 5-horsepower a erator , 
to further treat  the wa stes before they were discharged into a r iver (26)� 
Feed ra tes , BOD l oading s , a nd detention times were varied dur ing the 
study and the resulting remova l efficiencies of BOD and suspended solids 
were determined . Table 3 presents some of the results obtained from 
thi s  pi l ot piant study . 
The pH wa s reduced from a range of  10 . 3- 1 1 . 8 to a range o f  6 . 3 -7 . 0  
i n  the a na erobic lagoon a nd a range o f  5 . 8-7 . 1 i n  the. aerated  bas in .  The 
temperature wa s reduced from a range of  65° - 77°F in the influent to � 
range o f  60° - 10°F in the two pond effluents· ( 26 ) . 
Preliminary conclus ions drawn from the pilot plant study i ncluded: 
1 .  The BOD in  pota to wastes can be reduced by grea ter than 90 
percent by primary clarification plus  anaerobic-aera ted la-
goons in series (26) . 
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·Figure 1. Flow diagram of pi l ot plants at  the J. R. S implot Compa ny, Burl ey, Idaho. I\) 0 
2 .  ·Mixing o f  the anaerobic lagoon contents appears necessary 
for proper opera tion of  the system ( 26 ) . 
3 .  Covering the ana erobi c la goon wi l l  reduce  tempera ture l oss  
a nd he lp  control odors ( 26 ) . 
4 .  Secondary c lari f ication for remova l  of  suspended s o l ids 
wi l l  be  requ ired fol l owing an aerated l a goon ( 26 ) . 
5. Foaming may pre sent a problem in fu l l -sca le  aerated 
l agoons, but can be controlled by proper des ign ( 26 ) . 
6 .  Chemica l additions are not necessary for either pH c ontrol 
or inorgani c nutrient adjustment ( 1 ) . 
Table 3 ( 26 )  
Detention T imes , BOD Load ings , and P i l ot P l ant Eff ic ienc i es 
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Feed BOD Loa dings Reduction 
Ra te Detention ( lbs/ day/1000 % 
( gpm ) Time ( days ) ft3 ) SS BOD 
Ana erobic  Lagoon 4 8 . 8  1 1  82 25 
Aera ted Bas in 4 8 . 8  8 -230 88 
Overa l l 74 95 
Ana erobic  Lagoon 7 5 22 35 12 
Aerated Bas in 7 5 20 -75 87 
Overa l l  66 94 
Anaerobi c Lagoon 15 2 . 4  46 52 1 3  
Aera ted Ba s in 15 2 . 4  40 -226 64 
Overa l l  51 8 1  
A lthough the BOD _ reducti
on a cross the ana erobic- lagoon wa s ra ther 
sma l l , the pond apparently a l tered the mo lecu l ar structure of  the more 
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complex organic  �aterial s so that they were more readily  degradable in  
the aerated pond . Additional benefits cou ld al s o  resul t  from the use of  
this  type of  trea tment sys tem , espec ial ly in the potato process ing in­
du stry . Potato s o l ids are highly volatile and because o f  the intense 
bacterial action in an anaerobic lagoon , the pH drop is qui te rapid (1) . 
Because many potato process ing plants use a caustic  peel ing proces s , 
the wastes d i scharged have a high pH . In this way the anaerobic · lagoon 
acts as a buf fer ing system and prevents a high pH was te from retarding 
organisms in the aerated lagoon ( 27 ) . 
DESCRIPTION OF THE PROCESSING PLANT 
AND TREATMENT FACILITIES 
The production of  French fries at Fa irfield Products I nc . involves 
essentia lly the dry abras ive peeling of the potatoes a fter c austic  
treatment ,  the wa shing and cutting of the peeled potatoes ,  a nd a par­
tia l l y  precook ing o f  the French fries before freez ing. These  s tages  of 
production  occur on a " stra ight through" proces s ing line , which stretches 
a lmost 600 feet . figure 2 shows the flow diagram of  the pota to plant 
at  Fa ir f ield Products I nc .  The potatoes are transported to the mudpi t 
by wa ter in a flume . This step removes large lumps of  dirt , and there­
fore a dds a c onsiderabi e amount of  soil to the plant effluent but ra ther 
sma l l  amounts of organic  ma tter . The soil tha t settles  in the mudpit is  
pumped to the rece iving pit before be ing di scharged to  the a na erobic 
lagoon whil e the flume wa ter that transports the pota toe s  i s  recycled .  
The pota toes  are then c onveyed over a weigh scale and o n  to  a preheat  
tank to  ra ise the ir tempera ture . The hea ted potatoes are immersed in  a 
hot caus tic  s olution which loosens and partially dis solves the sk in , 
leaving the peeling in such condition tha t it  may be ea s ily removed by 
a n  abra s ive peeler. The was te discharged from the pee l ing opera tion  i s  
very a l kaline and high in orga nic ma tter. The so l ids from the peeling 
process  are s creened , c onveyed to a truck , and used as c attle feed. The 
peeled pota toes pa ss  on to 2 trim table . The trimmed pota toes are then 
cut i nto French fry shape . Slivers and other small pie c es are removed 
by automa tic  separa tors , a nd defective fries a r e  further removed by hand . 
All  o f  these  wa s te s  are dis charged to the r e c e iving pit .  The fries are 
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F igure 2 .  Pota to process ing plant flow diagram a t  Fa irf ield  
Products I nc . , Clark , South Dakota . 
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next trea ted by a blanching proces s wi th a s odium a c id pyropho s pha te 
solution to pre serve a nd prevent disco loration . After the fri e s  are 
dewatered by a vibra ting screen , they are parti a l ly prec ook ed in  a huge 
deep-fa t cooker . A fter exc ess  o i l  is removed from the fri e s  by another 
vibrating s creen , they pa s s  thr ough a two-stage deep free ze . The French 
fries  are then a u tomatica l ly s i zed and pa ckaged in plas ti c  bag s  be fore 
they are tra n sported to another deep free ze to awa it shipping . 
Parameters for the De s ign of the Trea tment Fa c i l iti e s  
The trea tment  fa c i l i ties  were des igned so  tha t the p l a n t  could  
proc es s 1 68 tons  of  raw pota toe s  per day . I t  wa s a ssumed tha t water 
requ irements wou ld be 2000 ga l l ons per ton and tha t a wa ste l oa d  of 35 
pounds of BOD per ton a fter screen ing of  sol ids wou ld  be generated . Thi s  
would resu l t  in  a hydraul ic  loa d  o f  0 . 34 mi l l i on ga l l ons per d a y  ( MGD ) 
and an  orga n i c  l oa d  of  5880 pounds of BOD per day l eaving the pota to 
pla nt . The a na erobic  la goon , which would  receive the s e  wa s te s , wa s 
estima ted to provide a 20 percent BOD remova l effic iency , leaving a n  or­
ga n i c  l oa d ing ra te o f  4704 pounds of BOD per day entering the a era ted 
ba s in .  Mecha n i c a l  a era tors were s ized on  the be l i ef tha t 1 . 3  pounds of  
02 wou i d be  requ ired for each  pound of BO D  enter ing the  a era ted ba s i n  
and tha t the aera tors wou ld  furnish two pounds o2 per horsepower -hour . 
De scripti on o f  the Treatment  Fa c i l ities 
Trea tment of wa stes leaving the process plant a c tua l l y  beg ins in  
the plant where removed pee l ings  are screened by a 64 me sh s creen . P ee l ­
ings reta ined b y  the screen are removed a nd uti l i zed for l ives tock feed . 
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A l l  process  wa s te s  are d is charged to the receiving s l udge pit  before  
being pumped over the s creen and  discharged to  the l a g oon s ys tem . The 
trea tment fa c i l ities , whi ch are located in c l ose  proximity to the plant , 
cons ist  o f  a n  a naer obi c l a goon and an a era ted ba s in f o l l owed by a 22-
acre s ta bi l i za tion pond ( s ee F igure 3 ) . A view ( l ooking ea s t ) o f  the 
ana erobic  l agoon ( foreground ) , the aerated ba s in , and part o f  the 
s tabi l i za ti on pond i s  shown in F igure 4. 
The l iqu id wa s te s  rea ch the anaerobic lagoon by means  o f  gravi -
ta tiona l f l ow fr om the plant . The flow is  then d ir e c ted into the 
aerated ba s i n  be f ore being  discharged to the large sta bi l i za tion pond . 
Dur ing summer months the contents of the stabi l i za tion pond are d i s -
charged through an  irrigat ion system to a nearby field . Tabl e 4 g ives 
the phys i ca l  chara cteri s ti cs of the anaerobic  la goon a nd aera ted ba s in 
a t  Fa ir f i e ld Pr oduc ts I nc . , Clark , South Da kota . 
Ta bl e 4 
P hys i ca l  Chara cter istics  of  the Ana erobic  Lagoon 
a nd Aera ted Ba s in at Fa irfield Products I nc . , 
C l a rk ,  South Da kota 
Mean L i qu id S ide 
Volume W idth Length Aera tor Depth S l ope 
f t3 feet  feet S i ze HP ( feet ) Vert Hori z 
Anaerobic  
20 3 : 1  Lagoon 310, 000 1 00 170 
Aerated 
6 25 HP 1 2  3: 1 Bas in 5 3 5, 000 50 470 
Anaerobic 
Lagoon 
.Ji 
@ 
Stabil i za tion P ond 
Aerated Ba s in 
$ 
3 .  A schema tic  diagram showing the ana erobic  l agoon � the a era ted bas in , the 
sta bi l i za tion pond ahd the sampl ing loca tions a t  Fa irfi eld Products I nc . , 
Clark , South Da kota . 
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F igur e 4 .  A v i ew ( l o oking e a s t
) o f  the a na er ob i c  l a g o on ( f o
r e gr ound ) , the a er a t e d  ba s i n
, a nd 
part o f  the stab i l i
za ti on pond . 
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METHODOLOGY 
Sampl ing Pr�cedure 
The s tudy covered a period of  four months , from December o f  1971  
to  Apri l o f  1972 . Because o f  l abor probl ems during February , p l a n t  
producti on wa s reduc ed , a nd therefore wa ste sampl es were not  obta i n ed 
during thi s period . The four month study wa s d ivided into four run s , 
each run c onta ining a s eries  of  sampl es obta ined within the t ime per­
iod of a week . Because  there wa s a de lay in the ins ta l l a ti on of the 
aera tion equ ipment , the resu l ts of the study were d ivided into two 
pha s e s . Pha s e  I included the period of study be fore the a era tion 
equ ipment wa s insta l l ed . Pha s e I I  ir.c luded the period o f  s tudy a fter 
the a era ti on equ i pment wa s insta l l ed . Phase  I incl uded the f irs t three 
runs and Pha s e  I I  included the fourth run , which took pla c e  a bou t one  
week a fter the a erators were insta l led .  
Dur ing each day  o f  sampl i ng , grab sampl es were obta ined from the 
plant e f fluent a fter the wa s tes  pa ssed through the 64 mesh s creen , from 
the a na erobic pond e f fluent , a nd from the aera ted pond e f f l uen t .  Sampl e s  
from thes e  three points were col l ected manua l ly a t  spec i fied  times o f  
the d a y  and  compos i te d  i n  the plant labora tory . Al though the p l a nt 
opera ted on a n . around the c l ock ba s is , the produc tion rate wa s fa ir ly 
consta nt , so  the sampl ing per iod covered 1 5  hours a da y ,  from 8 : 30 a . m .  
to 11: 30 p .m . , ins tead o f  the fu l l  24 hours . Samples were obta i ned 
from the plant e f f l ue�t a nd the anaerobic lagoon effluent every three  
hours during the sampl ing period a nd from the a erated ba s in e f fluent 
30 
every s ix hours . The flow from the plant wa s fa irl y  c ons ta nt thr oughout 
the 24 hour peri od so equ a l  porti ons were taken from the gra b sampl e s  
from ea ch point o f  s ampl ing for compos iting . Because the point o f  
sampl ing a t  the s ta bi l i za ti on pond wa s loca ted a c ons iderab l e  d i s tance 
from the ef fluent po int o f  the aera ted ba s in , it  wa s found tha t the 
chara cter i s tics  of the contents of the s ta bi l ization pond a t  tha t point  
did  not  change s igni f i cantly during any one day ;  there f ore , only  one 
grab sampl e  wa s obta ined during ea ch day of sampl ing from the s ta bi l i -
zation pond . The l oca tions o f  the sampl ing points are shown i n  F igure 
3 . 
On - s i te te sts were l imited to pH and tempera ture mea surements .  
The pH and tempera ture of  each grab sample were mea sured and rec orded 
and an ari trJne tic  average wa s computed to represent the pH a nd tempera -
ture of  the compos i ted sampl e . 
F o l l owing col l ection and compos iting , the sampl es  were tra n sported  
to the S a n itary Eng ineering Labora tory in the Civil Eng ineering Depart­
ment at  South Da kota S ta te Univers ity for ana lys i s . I n  order to keep 
the chara c teristics  of the samples from changing s igni ficantly  duri ng 
ea ch s ampl ing per iod , the c omposited samples were stored in  a refriger­
a tor i n  the P l ant Labora tory . The ambient tempera ture wa s l ow enough 
so tha t  the samples were kept cold during transporta tion to the La bora ­
tory a t  the Univers i ty . I n  thi s  way ,  la bora tory resu l ts wou l d  not be 
a ffected a s  much because  of the 15 hour time lag between the f irs t and 
l a st samples . T ime l a pse  between the end of the sampl ing per i od a nd 
the � r · - i  f th les  a t  the Un i versity La bora tory wa s a bout a T l  Va 0 1 e samp � • -
one -ha l f  da y ;  h6wever, in  a few ins tance s the time l apse was one a nd 
one -ha l f  days . 
F l ow Mea surement 
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There wa s no means of directly mea suring the wa ste f l ow dis charged 
from the pl ant s o  it  was mea sured by an indirec t method . The rec e iving 
pi t which rec eives a l l  was tes from the plant be fore they are pumped 
thr ough the sc:reen and discharg ed to the lagoon system wa s used for f l ow 
mea surement .  Dur ing the flow mea sur ing procedure , the wa s tes  i n  the 
pi t  were  pumped out at an increa sed ra te in order to empty the p i t . 
Pumping wa s then s topped a nd the rece iving pit wa s a l l owed to fi l l  w i th 
the pla nt e ffluent . Two di fferent leve l s  in the pit had previou sly  
been marked and the distance between them measured . The amount o f  time 
in seconds requ ired for the l iqu id leve l to rise from the bottom mark 
to the top mark wa s recorded . By knowing the exact mea surements of the 
pit a nd the d i s tance  be tween the marked l evels , the flow rate c ou l d  be  
ca l cu la ted in cubi c  fee t  per second ( c fs ) . This  ca l cu l a ted fl ow wa s 
then converted to m i l l ion ga l l ons per day ( JVKJD )  and the tota l da i l y  f l ow 
wa s then determ ined by corre cting for the tota l time of  plant  opera ti on 
dur ing tha t particu lar  da y .  This  fl ow mea suring procedure wa s repea ted 
severa l time s throughout the da y and an average  wa s c ompu ted . 
Labora tory Te s t procedures 
Labora tory a na lyses  were l imi ted to BOD , COD , pH , and suspended 
sol ids te sts . These �eterminations  were made a c c ord ing to  S tandard 
for the .Exami na t i on of 1.Na ter and�tev1a ter ( 28 ) . The COD and 
32 
suspended s ol ids determinations were made in dupl ica te whi l e  the BOD 
tests were made with 3 di lutions . The hydrogen i on c oncentration of  
the samples  wa s mea sured by  us ing a Fisher Accumet pH Meter , Model 210 , 
a l though pH mea surements were a l so  ma de on-s ite . 
The dilution wa ter for the BOD determination wa s s eeded wi th a 
port i on of  a sample  obta ined from the stabi l i za tion pond . This s eed ing 
wa s c ons idered necessary because extreme pH values were found in the 
plant ·eff luent . Standard Methods recommends the use of  spe c i a l i zed 
seed materia l c onta ining organisms adapted to the use o f  the organic  
compounds present ( 28 -490 ) . 
Soluble BOD ana lyses  were a l so carried out on ea ch  o f  the samples  
t o  determine how much of the BOD was assoc iated with the suspended 
solids in  the wa stes . These sampl es were prepared by f i l tering the 
samp l es through a gla ss  fibe� fi lter (Reeve ' s  Angel -Grade No . 934 AH) , 
5 . 5 centimeters in diameter , and then diluting the f i l tered s ample  with 
the seeded di lution wa ter before incubation . 
For s o l ids determina ti ons the test samples were f i l tered through a 
tared glas s f iber f i l tet ( Reeve ' s Angel -Grade No . 934 AH) , 5. 5 c enti­
meters in  d iameter ( 28 -537 ) . Sample  s i zes  ranged from 5 ml  to 25 ml  
depend ing on the amount of  suspended matter in the samples . 
RESUL TS AND DI SCUSS I ON 
Characteri� tics of  the Raw Wa stes 
The quantities  of  pota toes processed per day vari ed c ons iderably 
throughout the s tudy per iod , ranging from 40 tons to 82 tons with a n  
average of  69 tons o f  raw pota toes proces sed . Fl ow mea surements 
showed va ria t i ons that appeared to correspond with the pr oduction rate . 
The average f l ow entering the trea tment system wa s 237 , 000 gpd and 
ranged frcrn a l ow o f  138 , 000 gpd to a high of 348 , 000 gpd . 
The chara c te=istics  of  the raw wa stes were o f  a highly v a r i a bl e 
na ture . The vari a tions in the strength of the process ing pl ant  efflu-
ent as  mea sured by the chara c teristics  of COD , BOD , and suspended 
sol ids are shown in F i gure 5 .  The va lues plotted represent  the c oncen-
trations o f  da i ly  compos i ted samples . A meaningfu l  corre l a t i on between 
the production ra te of pota toe s a nd the strength of  the wa s te s  c ou l d  
not b e  e stabl ished . 
Dur ing the period of  tes ti ng the COD o f  the plant  e ffluent varied 
from 4 5 623 mg/l to 10 , 482 mg/l with an avera ge va lue o f  7 , 285 mg/1 . The 
BOD rang ed from 2 , 1 25 mg/l to 5 , 600 mg/l wi th a n  avera g e va lue  of 3 , 552 
mg/l .  The average pounds of  BOD leaving the plant during the tes t  
peri od wa s approx ima te ly  6 , 900 pounds per day , which i s  equ iva l ent to 
the wa stes fr om a popu l ation of  s l i ghtly over 40 , 000 peopl e .  Therefore , 
the pota to proces s ing p l a n t  i s  dis charg ing wastes tha t are 30 
-1- .  l,, i;nes 
greater in  organic  st.rength than the wastes norii1a l l  )· discharged by the 
commu�ity of C l ark . 
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F igure 5. Cha r a cter i s t i c s  o f  the raw wa s te s  d i s c harged from Fa i r f i e l d  Produ c ts I nc . , Cfark , 
South Da kota . 
(...) � 
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The c onc entrati on of  the suspended sol ids in the plant e f f luent 
appears to c l os ely  fol l ow the trend of the COD concentrations whi l e  the 
BOD va lues  do not  fo l l ow this  trend . Suspended sol ids va lues ranged 
from a l ow of  825 mg/l to a high of 6 , 430 mg/l with an average va lue 
of 3 , 084 mg/l .  The ratio  o f volatile suspended sol ids to tota l sus ­
pended so l ids wa s fa ir ly constant throughout the test period and 
averaged 0 . 90 ,  indica ting a l arge amount of  organic  suspended ma tter . 
Because  Dosta l  ( 1 )  found tha t nutrients were not a l imi ting fa ctor 
in the trea tment system , extens ive tests were not made to determine 
phosphates a nd n i trogen concentra tions . Tota l phos pha te s in  the pro­
cessing plant ef fluent were 35 mg/l and tota l kj eldahl n i tr ogen averaged 
143 rng/l .  When us ing the average BOD concentra tion o f  the processing 
plant effluent , a BOD : N : P rat l o  of 100 . 4 . 5 : 1 . 1 wa s obta ined . Thi s  is  
nearly the same a s  the often .quo ted requ irement of 100 : 5 : 1 (1) . 
The pH of  the wa stes d is charged from the process ing pl ant  wa s high ,  
with a n  avera ge va l u e  o f  1 1 . l  a nd a range from 10 . 2  to 11 . 8  a s  deter­
mined on-s i te . These high pH values were expected and can be a ttr ibuted 
to the excess  caus tic that entered the wa s te s tr eam from the pee l ing 
process . T empera tur e s  of the wa s te s  leaving the plant ra nged from 65°F 
to 840f and avera ged 78°F . 
Comparison o f  Raw wa stes with Raw Wa stes from Other Proces s i ng P l ants 
In order tha t the average chara cteristics  of the proces s ing pl ant 
eff luent could  be put into perspective , they were c ompared with typi ca l  
va lues from other pota to pr oc e s s ing p l a n t  e f f lu en t s . The s e  da ta are 
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shown in Ta ble 5. Average chara cteri sti c s  are l i sted for the wa ste 
streams from a typ i c a l plan t  process ing frozen potato produ cts (6), 
from the J . R .  S implot Compa ny in Burley, Idaho ( 1 ) , from a French fry 
pl a n t  in Ma i ne ( 29 ) ,  and from the Fa irfield Products Inc. Pla nt, Cla rk, 
South Da kota. Al l of the pla nts use a c a usti c  soluti on a s  a pretrea t­
ment method for peel ing the potatoe s ,  resulting in a high pH of the 
contents , a nd a lso pra ctice by -product recovery by s c reen i ng pee l ings 
from the wa ste s tream. 
The ·a mount of water u sed for the typ i c a l potato proce s s i ng pla nt 
( 6 )  and -for the J .  R. Simplot Company ( 1) wa s hig her bec a u se the c on­
venti ona l c a u sti c peel system wa s used, i. e. ,  the pee l ings were removed 
by a pre s sure wa ter spray after being loosened with a c a u s t i c s olution 
while  flow per ton of potatoes produced for the plant  in Ma ine wa s much 
lower bec a u se water conservat ion wa s bei ng pra cti ced ( 29 ) . However, 
for a pla nt tha t utilize s the dry ca usti c peel  system , i. e. ,  w i th peel­
ings removed by a dry bru s h i ng a ct i on, Fa irfield Products I nc . a ppea red 
to use a n  exces s ive amou nt of water . According to l itera ture on the sub­
j ec t ,  the a mount of water u sed per ton of potatoes produced should be 
reduced by a s  mu ch a s  50 perc ent when us i ng the dry c a u st i c  peel s ys tem 
a s compa red to the convent ional ca ustic peel s ystem. 
Even though the proce s s e s  in the plants were sim ila r, a clo se look 
at  Ta ble 5 revea l s  tha t  the wa stes discharged from Fa irfie l d  Produc ts 
Inc. were greater i n  BOD, COD, and suspended solids_  tha n the wa s tes d i s ­
charged from the other pl a nts. Ho'Never, the amount cf wa s te d i s charged 
Ch2ra cteristic  
pH 
Ga l/ton Raw 
pota toes 
BOD (rng/ l )  
COD (rng/l ) 
SS (rng/l ) 
Tabl e 5 
A Comparison o f  Wa s te Stream Chara c ter i s ti c s  Between Fa irfie ld Products 
a nd Typical  P ota to Proc es s ing P l a nts 
J .  R .  S implot  French Fry Fa ir f ield  Produc ts 
Typica l P otato Company P lant  I nc . 
Processing P la nt Burley , I daho In Ma ine Clark , South Da kota 
1 1 . 0 1 1 . 3  1 1 . 1  1 1 .  l 
4500 4200 23 10 3500 
1750 2730 1 150 3210 
2700 5390 1790 7321 
2600 2320 1310  3084 
VJ -..] 
38 
per ton of  pota toe s processed from Fa irfield Products wa s a lmos t  iden­
tica l to tha t genera ted from the J .  R .  Simplot Company . The wa s tes  
discharged per ton  of  raw pota toes processed avera ged 100 pounds of  
BOD , 216 pounds of  COD , and 91  pounds of suspended s ol ids at  Fa irf ield  
Products I nc . a s  c ompared to  90 pounds of  BOD , 210  pounds o f  COD , a nd 
1 10 pounds of suspended sol ids a t  the J .  R .  S implot Company ( 1 ) . 
Load ings on the Trea tment Sys tem 
I n  South Da kota , the ma ximum loading ra te a l l owed dur ing the re-
view of  a des ign for an  anaerobic la goon i s  15  pounds of  BOD per 1000 
ft3 per da y ( 1 2 ) . Throughout the study period the anaerob i c  lagoon 
3 re c e ived a n  avera ge  l oa ding of  20 . 2  pounds of  BOD per 1000 ft per day .  
Because  o f  s i l t which settled i n  the la goon and thus wou ld  resul t i n  a 
decreas ed volume , the ana erobic  l a goon ma y have been loa ded a t  a ra te 
grea ter tha n the 20 . 2 pounds of BOD per 1000 ft3 . For an a era ted ba s in 
Thimsen ( 20 )  rec ommends a ma ximum of 10 pounds o f  BOD per 1 000 ft3 per 
day . The a era ted ba s in wa s a ctua l ly rece iving 17 . 7  pounds of BOD per 
1000 ft3 per day .  The s tabi l i za tion pond appeared t o  b e  the mos t  s er i ­
ous ly over l oaded un i t  with a load ing o f  250 pounds of  BOD per a cre per 
day as compared to a va lue in a norma l des ign of  20 pound s of BOD per 
acre per day for northern c l ima tes ( 27 ) . After the aera tors were in  
opera ti on for a week the l oad on the stabi l i za tion pond decreased to 
206 pounds of  BOD per a cre per day .  
Hydra u l i c  l oa ding to the trea tment sys tem became a s er i ous problem 
near the end of  the pota to processing sea son .  The wa ter l evel  i n  the 
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stabi l i za tion pond wa s within inches of  the top of  the dike on  Ma y 31 , 
1 972, a nd wa s between 2 and 3 feet above the water l evel of the ana ero­
bic lagoon a nd a erated ba s i n . I n  order to ma inta in a f l ow-through 
trea tment s ys tem , the culvert between the a era ted ba s i n a n d  s t a b i l i za -
tion pond wa s b l oc ked to prevent ba ckflow a nd a pump wa s i ns ta l l e d  to 
discharge the wa s te s  from the a era ted ba s in to the sta bili zati on pond . 
Discharg e of the wa ste s  from the stabi l i z ation pond through a n  irr i -
ga tion sys t em t o  reduc e  the water leve l ha d a lready be en i n itia ted . 
A ma j or c onc er n to the community wa s the obnoxi ous odors tha t were 
a ssoc iated with the treatment system . Because of the exc es s ive l oa d -
ings , the entire l agoon system inc luding the s tabi l i za tion  pond wa s 
a naerob i c  throughou t the e n t ire study peri od and up to two months after 
the aera tors bega n  opera t i n g . v!h i l e  qua l i tative determinations of odor 
were not made , hydrogen su lfide  wa s being emitted as evidenced by the 
"rotten egg"  odor . I n  a dd i t i on , the contents of the s ta b i l i za ti on pond 
had a red tint whi ch indic a ted tha t purpl e sul fur ba cteri a  were in  
abunda n c e  i n  the po�d . Thes e  orga nisms genera l ly pro l if era te in ponds 
where l oa d ings exceed norma l  de sign l imits . Hydrogen sulfide , c arbon 
dioxide , a nd vol a ti l e a c ids  serve as a source  o f  food for these  organ-
isms within a n  a na erobic  sys tem ( 30 ) . • 
Ana lys e s o f  Remova l s  Obta i n e d  i n  the Tre a tment Sys tem 
Although the ana erobic  lagoon and a era ted ba s i n  were c on s tru c ted 
in the summer of  1 971 ,  the a e:ra tion equipment wa s not insta l l ed until  
M Bec2 use of the d e l a y  in the i n s ta l la ti on arch o f  the fol l owing year .  -
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of  the a era tion equ i pment , the re sults of the s tudy are pres ented in 
two pha s es . Pha s e  I included the pP.riod of  study before the insta l l a ­
tion o f  the a era tion equipment a nd Phase  I I  incl uded the period o f  
study a fter the insta l la ti on o f  the aeration equipment . The sampl ing 
and a na l ys e s during P ha s e  I I  were performed about one week  a fter the 
aera tors were pla ced in opera ti on . Remova l effic ienc i e s  were compu ted 
for ea ch  trea tment un it  during  each pha se  of study a nd are s hown in 
Tabl e 6 .  Hydraul i c  los ses through the treatment sys tem were a ssumed 
to be neg � ig ible  so remova l effic ienc ies of  each lagoon were ca l cu l a ted 
by us ing the c onc entration of the chara cteristic  entering a nd l eaving 
the la goon . For ea ch pha se  overa l l  trea tment plant remova l effi c i enc i e s  
were a l s o  c ompu ted . 
Averag e  pH and tempera ture va lues are a l so shown a t  the bottom of  
Tabl e 6 for each  pha s e  of  the study . Average pH va lues  were determined 
by computing the ar ithmetic  avera ge o f  da ily  pH va lues . 
Resul ts showed tha t the ana erobi c lagoon wa s not provid ing BOD 
remova l  during Pha s e I or P ha se I I . Dur ing December a nd Ja nuary , the 
anaerobi c  l agoon had an average BOD reduction of 25 percent but during 
March a nd Apri l  the e ffluent from the anaerobic la goon wa s greater in 
organi c  s trength than the in fluent ( Append ix I ) . This increa s e  in BOD 
c oncentra t ion wa s a ttr ibuted to an increase in the concentration of  
sol ids in  the ana erobic  la goon . Dur ing both pha ses , the tempera ture 
of the l a goon c ontents wa s too l ow for effective anaerobi c  decompo
-
s iti on . 
Ta bl e 6 
A Summary o f  Remova l Effic ienc ies in  the Treatment Sys tem at  
Fa irf i e l d  Products I nc . , C lark , South Da kota , During the 
P er i od of Study fr om December 22 , 1971 to Apri l 5 '  1 97 2  
Percent Reduction 
Ana erob i c  Aerated Stabi l i za t i on 
Chara c ter is tics  Lagoon Ba s in Pond Ove ra l l 
BOD 
Pha s e  I Neg . 38 41 
Pha s e I I  Neg .  49 72 
COD 
Pha s e  I 17  26 45 
P ha se I I  Neg . 1 2  73 
SS 
Pha se  I 77 55 Neg . 
Pha s e I I Neg . 77 71  
pH* 
7 . 65 8 . 1  P ha s e  I 7 . 2 
P ha se I I  7 . 2 8 . 3 8 . 0 
Temp 
37 35 P ha s e  I 53 
P ha se  I I  60 51 41 
*'!a lues  nt  ar1· thmetic mean of da i l  Y pH va lu es · represe · 
57 
78 
6 6  
7 4  
8 5  
89 
41 
42 
The BOD remova l e ffic iency in  the aera ted ba s in only i ncrea s ed from 
38 perc ent during P ha s e  I to 49 perc ent during Phase  I I . The se remova l 
effic ienc i e s  a ppear to be l ow for a properly operating a era ted ba s in .  
On Ma y 31 , 1972 , e ight weeks a f ter the aera tors began operat i on , di s ­
solved oxygen c oncentra tions were meas�red at  various poi n ts around the 
edge of the a era ted ba s in , a nd none of the samples conta ined  d i s s o lved 
oxygen .  Thus , the a era ted ba s in wa s mere ly acting a s  a mixed anaerobic  
lagoon · but in  a trans i t iona l per iod before the ba s in became a erobic  • 
. Al though the BOD remova l effic iency did improve s l ightly  a fter the 
aerators began  opera t ing , i t  should a l so be noted tha t dur i ng Pha s e  I I  
the averag e  tempera ture o f  the lagoon contents rose approxima te l y  1 4°F .  
Improvements in  BOD r emova l effic iency a fter insta l l a ti on o f  the a era t i on 
equipment wa s mos t notable  in the stabi l i za tion pond wi th a n  increa se  
from 41 perc ent to 72 perc ent . Even though the entire treatment system 
wa s a na erobic dur ing Pha s e I and Phase  I I , the overa l l  BOD remova l ef-
fic i ency increa s ed from 57  percent to 78  percent .  
During Pha s e  I I  the COD remova l decrea sed in both the a na erobic  
la goon and the a era ted ba s in .  The COD concentra tion increa sed in  the 
ana erobi c  la goon dur ing Pha se I I , resulting in the nega tive remova l 
eff ic iency . The s tabi l i za tion pond wa s the only uni t  tha t improved in 
COD remova l  effi c iency , from 45 percent during Phase  I to 73 perc ent 
during Pha s e  I I . However , the treatment system provided an  i ncrea se in 
the overa l l reduction of  COD dur ing Pha se  I I . 
The overa l l  susp�nded sol ids remova l in the lagoon s ys tem dur ing
 
Pha se I wa s 85 percent with a l l  sol ids remova l ta king pla
ce  in the 
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a na erobi c l a goon a nd the a era ted ba s i n . Even though there wa s a h i g h  
suspended s o l i d s  r emova l i n  the a na erob i c  l ag oon duri ng P ha s e  I ,  a 
nega tive BOD r emova l e f f i c i e ncy wa s obta i ned . I n  other words , the 
a na erob i c  l a g o o n  wa s mer e l y  a c t i ng as  a refr i g era ted settl ing ba s i n with 
no org a n i c  r edu c t i on o c curr i ng . S o luble BOD c o n c entr a t i on ( BODs ) i n ­
cre a s ed c o n s i d er a bl y i n  the a na erobic l ag o o n , ind i c a ting tha t the 
vol a t i l e  s u s pended s o l ids  were being decompos ed ( Append i x  I ) . Dur i ng 
the Pha s e  I I  s ampl i ng per i od , it a ppeared tha t s o l ids were be i ng c o n ­
centra ted i n  the a na erobic l a go o n . The concentration o f  s u s pended 
s o l ids l ea vi ng the a na erob i c  l a g oon dur ing Pha s e II wa s hi gher than the 
concentr a t ion o f  s o l id s  e nter ing the l a goon from the pro c e s s i ng p l a n t . 
This s o l ids " bu i l d-up" in  the a na erobic la goon wa s be l i eved t o  be c a us e d  
by t h e  repa ir o f  a c l ogged p i pe l ine from the pr oc e s s ing p l a n t . Whi l e  
repa ir wa s underwa y ,  wa s te s  were pumped from the l a goon to  l ower the 
wa ter l eve l . 
Remova l o f  s u s pended s o l ids  actua l ly incr ea s ed i n  the a era ted ba s in 
dur ing P ha s e  I I  bec a u s e  o f  the i na bi l i ty o f  the a era ters to provi de 
enough mix ing t o  keep s o l ids i n  s uspens ion . I t  wa s s u s pe c ted tha t  t he 
c once ntra t i on o f  s o l i d s  enter i ng the a era ted ba s in from the a na er ob i c  
l a goon . wa s  s o  h i g h  tha t the a era tors c ou l d  onl y  k e e p  a sma l l  p or t i o n  i n  
su spe ns i on . However , the a era tors were keeping enough s ol i d s  i n  s u s p
en ­
s i on tha t  s o l i d s  r emova l i n  the s tabi l i za tion pond d i d  increa s e  
from a 
nega t ive remova l during P ha s e  I to a remova l  e ff i c i ency o f  71 perc ent 
during Pha s e  I I . The overa l l  reduction of suspe nded s o l ids in the l a g o on 
sys tem increa sed 4 perc ent a fter the aera tors were put into opera t i on . 
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Hydrogen i on c on c e n tra t i ons rema ined fa irly c ons ta n t  a t  ea c h  
sampl i ng l o c a t i on thr oughout the peri od o f  s tudy . Avera g e  pH va l u e s  
were obt a i ned for e a c h  l o c a t i on by c ompu ting a n  a r ithme t i c  a vera g e  from 
the da i l y  pH va l u e s . The pH o f  the wa s tes l eaving the pro c e s s i n g  pla n t  
dropped from 1 1 . 1  t o  7 . 2  i n  the a na erob i c  l a goon . I t  a ppeared tha t the 
ana er ob i c  l a g o o n  wa s a c t i n g  as a bu ffering z one in tha t a c i d - f orm i ng 
ba c ter i a  in the a na er ob i c  l a goon c onvert the orga n i c  wa s te s  to orga n i c  
a c i ds , . n ame l y ,  a c e t i c  a nd l a c t i c  a c ids ( 6 ) . 
The pH i n crea s ed fr om 7 . 2 to 7 . 65 in the a era ted l a g o o n . T h i s  i n -
crea s e  i n  pH wa s be l i eved to ha ve been c a u s ed by the emi s s i on o f  c a rb o n  
d i oxide whi c h  ha d b e e n  forme d  i n  the a c id forming s ta g e  o f  the a na erob i c  
la g oon . A fter a era t i on bega n ,  the a g i ta t i on o f  the wa s te s  a l l owed even 
more c arbon d i ox i d e  to es c a pe as evidenced by the i n cr ea s e  o f  pH to 8 . 3 .  
The pH o f  the s ta b i l i za t i on l a g o on c ontents rema i n ed fa i r l y c on s ta n t a t  
8. 0 to 8 . 1  thr ou g h o u t the p eri od o f  s tudy . 
Compa r i s on o f  D e s ign V a l u e s Us ed to A c tua l Va l u e s  Found for the Tr ea tment 
P l a n t  D e s ign 
Empir i c a l  Va l u e s  were u s ed for the des ign of the tr e a tme n t  s ys tem 
a t C l a rk be c a u s e  a na l ys e s  c f  the wa s te l oa d  ma de from the p l a n t  ha d n o t  
be en prev i ou s l y ma d e . For c ompa r i s on purpos es , Ta bl e 7 r epre s en t s  the 
va l u e s u s ed f or the d e s i gn o f  the tre a tmen t sys tem a nd a l s o s hows th2 
a c tua l va l u e s  tha t  were obt a ined from thi s  s tudy . The s tudy s h ows t
ha t 
the pr oduc t i o n i n  the pro c e s s i n g  p l a n t  a ppears to have b e e n  gr e a
t l y  
overe s t i ma ted wi th a n a c tu a l  d e s i gn c a pa c i ty o f  1 68 t o n s  o f  raw 
p o ta toe s  
per da y  a s  c omp ared t o  a n  a c tua l pr odu c t i on ra te o f  6 9  t o n
s  o f  raw 
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Ta bl e 7 
Compar i s on o f  Va l u e s  Used for the D�s ign o f  the Lagoon S ys tem 
a n d Ac tua l Va lues Found fr om the S tudy 
Des ign Des ign A c tu a l  
Cha ra cter i s t i c s  Va lue  Va l ue 
Production 
( Tons Raw 
Pota .toe s/Day ) 168 69 
Wa ter Usage  
3 , 500 (Ga l/Ton ) 2 , 000 
Flow/Da y 
( fv[J )  0 . 34 0 . 24 
#BOD/Ton 
100 
Raw P o ta toe s 35 
#BOD/Da y 5 , 880 
6 , 900 
Anaerobic  P ond Neg . 
Reduct i on 20J6 
Loa ding to 
Aerated Ba s in 6 , 900 
#BOD/Da y 4 ,704 
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potatoes per da y .  The a c tua l wa ter usage  o f  3 , 500 ga l l on s  per ton o f  
raw pota toes  wa s qu i te h i g h  for a dry c a u s t i c  pee l  s ys tem a nd wa s we l l  
above the design  f l ow o f  2 , 000 ga l l ons per ton of raw pota t o e s .  How­
ever , the a c tu a l f l ow o f  0 . 24 I"GD wa s s ti l l  l e s s  tha n the de s ign f l ow 
of 0 . 34 MJD . 
The orga n i c  l oa d i ng o f  100 pound s o f  BOD per ton o f  raw pota to e s  
wa s greatly in  exc e s s  o f  the d e s ign va l u e  o f  35 pounds o f  BOD p e r  ton . 
Conseq�ently , thi s r e su l ted i n  a n  orga n i c  l oading of  6 , 900 pou nd s o f  
BOD per day a s  c ompa r e d  to the d e s ign va l u e  o f  5 , 880 pounds o f  BOD per 
day being d i s c ha rged t o  the tre a tment s ys tem . However , a l though the 
trea tment s ys tem wa s be i ng over l oaded , the pro c e s s ing p l a n t  wa s not 
even opera t i ng at o n e - ha l f  c apa c i ty . 
Dur ing t he d e s i g n  pha s e  i t  wa s a s s umed tha t the ana erob i c  l a g o on 
wquld pr ov id e  a 20 per c ent BOD r emova l e f f ic i ency resu l t i ng i n  a n  
organic l oa d  o f  a boui 4 , 700 pound s o f  BOD per day rea ching the a er a ted 
ba sin . S tu dy r e s u l ts r evea l ed tha t the ana erobic l a goon wa s a c tua l ly 
pr ovid ing a nega t ive BOD r emova l .  I n  other words , the avera g e  orga n i c  
load entering t h e  a er a ted ba s in from the a na erob i c  la go o n  wa s gre a t er 
than the 6 , 900 pounds o f  BOD be i ng di s charged from the pr oc e s s i ng 
p l a n t . 
SUMMARY A ND  CONCLUS IONS 
The s t�dy o f  the tre a tment system hand l ing pota to proc e s s i ng 
wa s tes a t  F a irfi e l d  Produ c ts I nc . ,  Clark , South Da kota , wa s d iv ided 
into two d i f fere nt pha s e s  i n order to compa re a nd eva l ua te the trea t-
men t system be fore a era t i on e qu i pment wa s insta l l ed in the a era ted 
ba s i n  a nd a fter a era t i on equ i pment wa s ins ta l l ed .  The s tudy a l s o in­
c luded an eva l u a tion of orga n i �  a nd hydraul ic l oa d ings enter i ng th e 
trea tme nt sys tem from the potato proc e s s ing plant . 
The fol l ow i n g  c onc lus i on s  were drawn from the study a t  Fa ir f i e id 
Produc ts I nc . , C l a rk , So� th Dak ota : 
1 .  Orga n ic over l oa d i ng v1a s oc curr ing i n  a l i  of the trea tment 
uni ts bu t mo s t  n o ta bly in the s tabi l i z a t i on pond . 
2 .  More wa ter wa s be ing u sed for proce s s i ng in  the p l a nt tha n 
ha d bee n  a n tic i pa ted i n  the des ign . Hydra u l ic o ver l oa d i n g  
wa s a s er i ou s  p=obl em in the s ta bi l i za ti o n  pond a nd c c u l d  
bec ome even more s er i ous  in  future proc e s s ing s e a s o n s . 
3 .  Beca u s e  of o verl o a d ing , l ow tempera tures , and the d i s c harge 
of  s o i l  from the mud p i t ,  the a na erob i c  la goon d i d  n ot a p­
pear t o  be opera t i ng proper ly throughou t the entire s tudy 
per i od . 
4 . The ent ir e la g o o n  sys tem a ppeared to be opera ting under 
5 . 
.... 
I 
. t , nti re peri od o f  s tudy . a n a erob i c  c on d i t i on s  dur i ng ne e 
t .  a mfxed a na erobic  The a era �ed ba s in wa s mer e l y  a c  ing as  
t · a nd vva s i n  a pe:r i od ba s i n a fteY the 2 eTa tors bega n opera ing 
.of tra ns i t ion to ' a erobi c c o�d i tions  • 
AREAS FOR FUTURE STUDY 
The a era ti on e qu i pm8 n t  s ho u l d  have opera ted for a l on g e r  per i od 
of time be fore tryi ng t o  d e t erm ine the e f f e c t ivene s s  o f  the a era ted · 
bas in on the overa l l  tre a tme n t  o f  the wa s te . Thi s  wou l d  a l l ow f or the 
establ ishment of a s a t i s fa c tory bi o l og i c a l  c ond i t i on for obta i n i n g  the 
maximum trea tme nt a ft er the i n s ta l l a t ion of the e qu i pmen t . Ther e f ore , 
a study o f  the tre a tme n t  sys tem a f ter the a era tion equ i pmen t  ha s oper­
ated for s ome t ime m i g ht provide further i n f orma tion a bou t the e f fe c ­
tivene s s  o f  the s ys tem . 
Fa irfield  Produ c t s  a r e  c ontemp l a t i ng the add i t i on o f  a h a s h  brown 
l ine to pr oc e s s  by- produ c ts from the French fry l i ne . An a n a l ys i s o f  
this wa s te pr odu c t i on a nd o f  the e f f e c t  o n  the tr ea tme nt s ys tem s hou ld 
also be ma de . 
A study o f  the s trength o f  the wa s tes in the trea tme n t  sys tem j u s t  
prior to , dur i n g , a nd a fter the 1972- 1 973 produ c t i o n  s e a s or. wou l d  be 
helpful to eva l ua te the c a pa bi l i ty o f  the pre s ent tr e a tment s ys tem . 
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( 1970 ) . 
P l a n t  E f f l u e n t  
R u ri  D a te 
N o . 
1 2-22-7 1  
1 12-27 -7 1  
12-28 -7 1 
1 -17 -72 
2 1 - 18 -7 2  
J_ -19-72  
3 3-7 -7 2  
3-2-72 
3 -28 -72 
4 4-3-72 
4-4-72 
4-5 -7 2  
Av era g e  
APPENDIX I 
Summary of Resul ts from Each Point o f Sampl ing a t  Fa irfield Products I nc . , 
Cl ark , South Da kota , During Study Period from 
December 22 , 1 971 to April 5 ,  1 972 
F l ow EH T emp . COD BOD BOD s BOD 
MGD on - s i te i n  l a b  F o ( mg/l ) ( mg/l ) ( mg/l ) COD 
0 . 324 1 1 . 5  1 1 . 6  8 1  10  , 482 2 , 1 25 2 , 000 0 . 27 
0 . 256 10 . 2 6 . 7 70 6 , 240 3 , 000 1 , 500 0 . 48 
0 . 3 10  1 1 . 35 1 1 . 4 78 9 , 500 3 , 825 1 , 625 0 . 40 
0 . 358 - - - 10 . 1 78  9 , 366 5 , 600 1, 750 0 . 60 
0 . 31 8 - - - 6 . 1  79 7 ,7 26 4 , 000 2 , 400 0 . 52 
0 . 301 - - - 7 . 25 65 4 , 623 2 , 500 700 0 . 54 
0 . 248 10 . 4  1 2 . 1 5  8 2  7 , 477 4 , 700 2 , 850 0 . 63  
0 . 264 10 . 2 - - - 84 5 , 199 4 , 350 3 , 500 0 . 84 
0 . 248 1 1 . 8  1 1 . 65 83 5 , 912  3 , 450 1 , 975 0 . 58 
0 . 285 1 1 . 6  10 . 9  79 9 , 004 3 , ?00 2 , 625 0 . 4 1  
0 . 287 1 1 . 5  7 . 3 80 5 , 965 2 , 320 1 , 450 0 . 39 
0 . 269 1 1 . 4  1 1 . 0  80 5 , 925 3 , 050 2 , 200 0 . 52 
0 . 289 l l .  l 9 . 7 78 7 , 285 3 , 552 2 , 048 0 . 44 
BODs 
BOD 
0 . 94 
0 . 50 
0 . 42 
0 . 3 1 
0 . 60 
0 . 28 
0 . 6 1  
0 . 80 
0 . 57 
0 . 7 1  
0 . 62 
0 . 70 
0 . 58 
S u spen d�d S o l i ds ( w.Jl'l )  
To ta l Vo l a t i l e V SS TSS 
3, 375 
3 , 8S5 
6 , 430 
4 , 870 
2 , 337 
2 , 090 
3 ,270 
825 
2 , 000 
4 , 680 
1 , 555 
1 ,  720 
3 , 084 
2 , 990 
2 , 880 
5 , 435 
4 , 21 0 
2 ,  1 0 1  
1 , 835 
� , 930 
745 
1 , 700 
4 , 1 40 
1 , 425 
1 , 460 
2 , 654 
0 . 89  
0 . 7 5  
0 . 85  
0 . 86  
0 . 90 
0 . 88 
0 . 90 
0 . 90 
0 . 85 
0 . 89  
0 . 91  
0 . 85  
-
0 . 86 
(J1 I\) 
Ana erobi c La goon Effl uent 
Ru n Da te Fl ow pH Temp . COD BOD BODS BOD OODs Su spend ed Sol ids (mg/l ) 
No·. Fo (mg/l ) l mg/l ) ( mg/l )  
- --
Vo � a til e  VSS/TSS MGD on -s i te in l ab OJD BOD Tota l 
1 2-22 -7 1 0 . 324 7 . 8 7 . 6 57 6 , 074 2 , 300 1 , 400 0 . 38 0 . 6 1  1 , 065 885 0 . 85 
1 1 2- 27 -7 1 0 . 256 7 . 7 7 . 6 36 4 , 1 20 2 , 050 1 , 700 0 . 50 0 . 83 350 240 0 . 69 
1 2 - 28 -7 1  0 � 3 1 0  8 . 4 7 . 9 47 3 , 600 1 , 650 1 , 7 25 0 . 46 1 . 1  1 78 1 45 0 . 82 
1 - 17 -72 0 . 358 - - - 7 . 2 52 4 , 624 3 , 650 2 , 030 0 . 7 9 0 . 56 565 470 0 . 8 3 
2 . 1 - 1 8 -7 2  0 . 3 1 8 - - - 7 . 0 5 40 2 , 944 2 , 47 5  1 , 280 0 . 84 0 . 52 440 365 0 . 8 3 
1 - 1 9 -7 2  0 . 30 1 - - - 7 . 1 5 46 3 , 695 2 , 400 1 , 260 0 . 65 0 . 52 8 60 790 0 . 92 
3- 1 -72 0 . 248 7 . 1 6 . 5 55 1 3 , 1 47 10 , 500 6 , 900 0 . 80 0 . 66 1 , 470 950 0 . 65 
3 3 -2-7 2 0 . 264 6 . 1  - - - 60 1 3 , 870 10 � 000 8 , 800 0 . 7 2 0 . 88 1 , 320 895 0 . 68 
3 - 28 -7 2  0 . 248 6 . 7 6 . 7 61 8 , 095 3 , 850 3 , 500 0 . 49 0 . 91 3 , 8 1 0  3 , 400 0 . 89 
4 4-3 -7 2 0 . 285 6 . 95 6 . 6  59 9 , 000 3 , 300 4 , 100 0 . 37  1 . 2 1 , 955 1 , 425 0 . 73 
4-4-7 2  CJ . 287 7 .. 1 6 . 5  60 1 3 , 1 35 5 , 870 2 , 800 0 . 45 0 . 48 4 , 1 30 2 , 745 0 . 67 
4-5 -7 2 0 . 269 6 . 8 6 . 7 5  60 1 3 , 885  5 , 900 4 , 7 50 0 . 42 0 . 8 1  6 , 1 50 4 , 100 0 . 67 
Average 0 . 289 7 . 2 7 . 1 53 8 , 016 4 , 495 3 , 355 0 . 56 0 . 74 1 , 858 1 , 368 0 . 74 
Load ing s Redu c t i o n s  - % 
Run No . lbs . BOD/1000 rt3/day COD BOD SS 
1 1 3 . 8  47 25 88 
2 29 . 2  48 29 80 
3 2.5 . 2  Neg . Neg . 32 (.Jl w 
4 20 . 9  Neg . Neg . Neg . 
Aera ted Ba sin Effluent 
Run Date Flow QH Temp . COD BOD BODs BOD BoDs Sus ended Sol  ids m 1 
No . MGD on-site in  lab  po  (mg/l ) (mg/l ) (mg /l )  COD BOD Tota l Vol a tile  VSS TSS 
P ha s e  I 
1 2-22-71 0 . 324 7 . 7 8 . 2 42 3 , 944 1 , 600 1 , 325 0 . 40 0 . 83 410 350 0 . 87 
1 1 2-27 -7 1  0 . 256 7 . 8 7 . 95 34 3 , 730 2 , 210  1 , 350 0 . 59 0 . 61 462 250 0 . 55 
1 2-28-71 0 . 310  7 . 7 8 . 2 37 3 , 600 1 , 800 1 , 425 0 . 48 0 . 79 572 410 0 . 72 
1 -17 -72 0 . 358 - - - 7 . 7 36 3 , 991 2 , 850 2 , 100 0 . 71  0 . 74 200 145 0 . 72  
I") 1 - 18-72 0 . 318  - - - 7 . 5 34 3 , 646 2 , 240 1 , 840 0 . 61 0 . 82 250 205 0 . 82 L 
1 - 19-72 0 . 30 1  - - - 7 . 5 34 3 , 893 3 , 360 2 , 240 0 . 86 0 . 67 350 325 0 . 93 
3 3-1 -72 0 . 248 7 .7 7 . 0 35 7 , 224 3 , 600 3 , 000 0 . 50 0 . 83 295 240 0 . 8 1  
3 -2-72 0 . 264 7 - 3 - - - 42 7 , 51 3  3 , 700 1 , 265 0 . 49 0 . 34 270 220 0 . 8 1  
Average 0 . 297 7 . 65 7 . 74 37 4 , 693 2 , 670 1 , 818  0 . 57 0 . 68 3 5 1  268 0 . 7 6  
P ha s e  I I  
3-28-72 0 . 248 8 . 1  7 . 4 49 6 , 944 3 , 500 3 , 100 0 . 5  0 . 89 875 505 0 . 58 
4 4-3-72 0 . 285 8 . 3 7 . 75 54 9 , 350 1 ,750 1 , 850 0 . 19 1 . 1 830 620 0 . 75 
4-4-72 0 . 287 8 . 55 7 . 4 49 5 , 315  2 , 170 2 , 200 0 . 41 L O  1 , 050 660 0 .. 63 
4-5-72 0 . 269 8 . 25 7 . 5 51  4 , 0_96 2 , 200 1 , 550 0 . 54 0 . 70 940 590 0 . 63 
Average 0 . 272  8 . 3 7 . � 51  6 ,426 2 , 405 2 , 175 0 . 37 0 . 9 924 594 0 . (A 
Loadings Reductions - % 
Run No . lbs . BOD/1000 ft3/day COD BOD SS 
1 6 . 3  13  10  9 
2 1 1 . 5  Neg . 1 57 
3 34 . 4  45 64 80 
4 19 . 0  12  . 49 77 
(J1 .::::. 
S ta bi l i za tion P ond . E f fluent 
Run Date 2H Temp . COD BOD BODs BOD BODs S u s2ended S o l ids 
011 - s i te in l a b  p o  ( mg/l ) ( mg/l ) ( mg/l ) COD · BOD Tota l Vo l a ti l e  
Pha s e  I 
1 2-22-7 1 8 . 2  7 . 9 36 · 1 , 926 - - - 490 - - - - - - 550 430 0 . 7 8  
1 1 2-27 -7 1  8 . 3 7 . 9 33 1 , 990 995 8 50 0 . 50 0 . 85 462 205 0 . 7 2  
1 2-28 -7 1  7 . 9  8 . 1  36 1 , 9 10 990 8 1 5  0 . 52 0 . 8 2  572 250 0 . 74 
1 - 17 -72 no samp l e  
2 1 - 18 -7 2  - - - 7 . 9 34 2 , 045 1 , 230 1 , 090 0 . 60 0 . 96 320 287 0 . 90 
. 
1 - 1 9 -7 2 - - - 7 . 9 33 2 , 223 1 , 380 1 , 280 0 . 62 0 . 92 1 7 2  1 65 0 . 96 
3 3 - 1 -72 s . o 7 . 5  34 4 , 298 2 , 780 2 , 200 0 . 65 0 . 7 9  370 1 92 0 . 52 
3 -2-72 7 . 9  7 . 9 36 3 , 404 2 , 1 20 1 , 640 - - - - - - 405 285 0 . 70 
Avera ge 8 . 1  7 . 8 5  3 5  2 , 567 1 , 50 1  1 , 1 69 0 . 58 o, . 78 506 372 0 . 74 
P ha s e  I I  
3 -28 -72 7 . 9  7 . 95 40 1 , 558 870 780 0 . 56 0 . 90 452 177 0 . 39 
4-3-72 8 . 0 7 . 9 42 2 , 587 900 7 90 0 . 34 0 . 88 216 200 0 . 92 
4-4-72 8 . 0 7 . 5 40 1 , 1 85 300 1 60 0 . 25 0 . 53 220 1 1 5  0 . 49 
4-5-72 8 . 1  7 . 6 42 1 , 630 650 480 0 . 40 0 . 7 3  1 77 1 45 0 . 82 
Avera ge 8 . 0 7 . 7 41 1 , 740 680 552 0 . 39 0 . 8 1  266 1 59 0 . 60 
,, 
L oa ding s Re du c tions - % 
Ru n No . lbs . BOD/Acre/da y cxm BOD SS 
1 145 5 1  48 Neg . 
2 292 44 54 1 
3 3 1 3  49 38 Neg . 
4 206 73 72 7 1  
(J1 (J1 
APPENDIX I I  
Surrunary of  Wa ste Production Discharged t o  Trea tment System 
a t  Fa irfield Products I nc . , Clark , South Dakota 
During the Period of  Study from 
December 22 , 1971  to April  5 ,  1972 
Run Date Actua l Raw Wa ter Use BOD COD SS 
No . Flow ( MG ) Product ( ton ) ( ga l/ton ) ( lbs . ) ( ibs . ) ( lbs . ) 
12-22-7 1 0 . 274 60 . 79 4 , 507 4 , 856 23 , 952 7 ,712  
1 12-27-7 1  0 . 178 50 . 08 3 , 554 4 , 454 9 , 266 5 , '723 
12-28 -71  0 . 213 72 . 26 2 , 948 6 , 795 16 , 87 1  1 1 , 422 
1 -17 -72 0 . 348 7 1 . 46 4 , 870 16 , 253 27 , 183 14 , 134 
2 1 -18 -72 0 . 292 8 1 . 56 3 , 580 9 , 741 18 , 8 1 5  5 , 691 
1 -19-72 0 . 183 41 . 37 4 , 423 3 , 816  7 , 056 3 ' 190
1 
3 3-1 -72 0 . 220 71 . 41 3 ,081 8 , 624 13 , 7 1 9  6 , 000 
3-2-72 0 . 234 79 . 28 2 , 952 8 , 489 10 , 146 1 , 610 
3-28-72 0 . 138 40 . 35 3 , 420 3 , 971  6 , 804 2 , 301 
4 4-3-72 0 . 267 72 . 76 3 , 570 8 , 239 20 , 050 10 , 421 
4-4-72 0 . 257 75 . 91 3 , 390 4 , 973 1 2 , 785 3 , 333 
4-5-72. 0 . 244 79 . 21 3 ,080 6 , 207 1 2 , 057 3 , 500 
Average 0 . 237 68 . 66 3 , 509 6 , 855 14 , 822 6 , 253 
lbs . BOD lbs . CDD 
ton ton 
79 . 88 394 . 01  
88 . 93 185 . 02 
94 . 03 233 . 47 
227 380 . 39 
1 19 . 43 230 . 68 
92 . 24 170 . 55 
1 20 . 76 192 . l l 
107 . 07 1 27 . 97 
98 . 41 168 . 62 
1 13 .  24 275 . 56 
65 . 51 1 68 . 42 
78 . 36 1 52 . 22 
99 . 84 215 . 85 
lbs . SS 
ton 
126 . 86 
1 14 . 27 
1 58 . 06 
1 97 . 78 
69 . 77 
77 . 10 
84 . 02 
20 . 30 
57 . 03 
143 . 22 
43 . 91 
44 . 19 
91 . 07 
()1 °' 
APPENDIX I I I  
Ana lys is of  Stabi l i za tion Pond Contents a t  
Fa irfield Products I nc . , 
Clark , South Dakota 
Ca lcium (Ca ) , ppm 
Magnes ium ( Mg ) , ppm 
Sodium ( Na ) , ppm 
Pota ss ium (K ) ' ppm 
Sul fate ( S04 ) , ppm 
Chlor ide ( Cl ) , ppm 
Hardness ( EDTA a s  CaC03 ) , ppm 
Alka l inity ( MO  a s  Caco3 ) , ppm 
( P a s Caco3 ) , ppm 
Electrical  Conductivity 
( micromhos per cm2 a t  25°c ) 
Sodium .Ads orption Ra tio 
Sodium (% of Ca ti ons ) 
Residual  sodium carbona te , meq/ l 
pH . 
Others : Tota l ca tions 
Tota l anions 
May 24 , 
197 1  
99 
26 
1 , 290 
160 
290 
1 15 
356 
2 , 172 
0 
6 , 038 
29 . 83 
83 
36. 32 
8 . 26 
67 . 40 
52. 70 
57 
April 28 , 
1972 
104 
17 
1 , 440 
290 
186 
1 17 
330 
3 , 040 
0 
6 , 539 
34. 53 
8 1 . 60 
54 . 20 
8 . 02 
76 . 76 
67. 72 
Servic e  performed by the Wa ter Resources Research I ns ti tute , South 
Dakota State University ,  Brookings , South Dakota,  to determine i f  water 
is suitabl e for irrig? tion use.  
